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The UK consumes almost 5% of world’s wine production, drinking 12.9 million hectolitres annually or 21 l
per capita per year. Australian wines are most popular with the UK consumer, accounting for around 17%
of total take-home purchases. This paper focuses on Australian red wine and presents the life cycle
environmental impacts of its consumption in the UK. The results indicate that a 0.75 l bottle of wine
requires, for example, 21 MJ of primary energy, 363 l of water and generates 1.25 kg of CO2 eq. For the
annual consumption of Australian red wine, this translates to around 3.5 PJ of energy, 600 million
hectolitres of water and 210,000 t CO2 eq. Viticulture and wine distribution are the main hot spots
contributing over 70% to the environmental impacts considered. Shipping in bulk rather than bottled
wine would reduce the global warming potential (GWP) by 13%, equivalent to 27,000 t CO2 eq. annually.
For every 10% increase in recycled glass content in bottles, the GWP would be reduced by 2% or 3600 t
CO2 eq./yr; the savings in other environmental impacts are smaller (0.7e1.5%). A 10% decrease in bottle
weight would reduce the impacts by 3e7%; for the GWP, the saving would be 4% or 7000 t CO2 eq./yr. If
only 10% of the wine was packaged in cartons instead of glass bottles, the GWP savings would be 5% or
10,600 t CO2 eq./yr; the other impacts would also be reduced by 2e7%. These measures could together
save at least 48,000 t CO2 eq./yr, almost a quarter of the current emissions from the UK consumption of
Australian red wine.
 2014 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license. 1. Introduction
The global production level of wine stands at around 27 billion
litres a year (Key Note, 2011). The UK consumes 12.9 million hec-
tolitres1 or 4.8% of theworld’s wine production; this is equivalent to
21 l per capita per year (HMRC, 2012). However, only 3% of this is
produced in the UK, so that the UKwine sector is heavily dependent
on imports. It is thus not surprising that, with an estimated value of
£11.8 billion (retail selling price), the UK was the world’s largest
market in 2010 for imported wines (Key Note, 2011). Prior to that,
the UK was ranked 3rd behind the USA and France in terms of
national shares of world wine consumption value (Anderson and
Nelgen, 2011), while for total consumption volumes for 2011 the
UK was ranked 6th behind France, USA, Italy, Germany and China(A. Azapagic).
olume (ABV), sparkling wine
lcoholic fermentation of any
Figures are for the year 2011.
Ltd. Open access under CC BY-NC-ND (OIV, 2012). As shown in Fig. 1, Australian wines are most popular
with the UK consumer, with around 17% adults buying these wines
(Key Note, 2011). The next most popular are French wines (13%).
The environmental impacts from wine consumption in the UK
are unknown apart from few estimates. For example, it has been
suggested that wine consumption contributes around 0.4% of the
total UK greenhouse (GHG) emissions (Garnett, 2007) and 559,000
tonnes of packaging waste per year (Jenkin, 2010). On a global scale,
the study by Rugani et al. (2013) estimates that the wine sector is
responsible for around 0.3% of annual global GHG emissions from
anthropogenic activities.
An extensive body of literature exists on the environmental
impacts of wines produced in various regions, including Canada
(Point et al., 2012), Italy (Notarnicola et al., 2003; Ardente et al.,
2006; Petti et al., 2006; CIV, 2008a, b; Pizzigallo et al., 2008;
Benedetto, 2010, 2013; Cichelli et al., 2010); New Zealand (Herath
et al., 2013), Portugal (Neto et al., 2013), Spain (Aranda et al.,
2005; Panela et al., 2009; Gazulla et al., 2010; Vázquez-Rowe
et al., 2012a, 2012b; Villanueva-Rey et al., 2014) and the USA
(Colman and Päster, 2007). Most studies have focused on GHGlicense. 
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Fig. 1. Wine purchased in the UK by country of origin (Data from Key Note, 2011).
[Data represent percentage of adults buying wine. Others: Germany 3.8%; Argentina
1.7%; Portugal 1.3%; Bulgaria 0.5%; Other 3.8%].
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Studies that have considered other environmental impacts in
addition to the GHG emissions include Notarnicola et al. (2003),
Aranda et al. (2005), CIV (2008a, b), Gazulla et al. (2010) and
Point et al. (2012).
This paper sets out to estimate the life cycle environmental
impacts of red wine produced in Australia and consumed in the UK.
In the ﬁrst part of the paper, the focus is on the wine produced by
one of largest producers in South Australia, which itself is the
largest wine-producing state in the country (Fearne et al., 2009).
These results are then used to estimate the environmental impacts
at the sectoral level related to the consumption of Australian red
wine in the UK. Several options for reducing the impacts are also
considered, including transport of bulk rather than bottled wine,
increased recycling and light-weighting of glass bottles, as well as
use of carton packaging.2. Methods
2.1. Goal and scope of the study
The main goal of this study is to estimate the environmental
impacts and identify improvement opportunities in the life cycle of
red wine produced in Australia and consumed in the UK. The
analysis is carried out in two stages. First, the environmental im-
pacts are calculated based on the functional unit deﬁned as ‘pro-
duction and consumption of a 0.75 l bottle of wine’. In the second
stage, the functional unit is the ‘annual consumption of Australian
red wine in the UK’ to determine the total impacts from its
consumption.
As shown in Fig. 2, the system boundary of the study is from
‘cradle to grave’, comprising the following stages, described inmore
detail in subsequent sections:
 Viticulture: water supply, production of fertilisers and pesti-
cides and fuels for cultivation and harvest of wine grapes;
 Packaging: production of primary packaging comprising glass
bottles, cork stoppers and paper labels;
 Viniﬁcation and bottling: production and bottling of wine,
generation and consumption of electricity; production andconsumption of auxiliary materials including water, sulphur
dioxide and sodium hydroxide used in the production of wine;
 Transport: transport of packaging materials to the winery,
bottled wine to UK retailers and post-consumer waste pack-
aging to waste management; and
 Waste management: wastewater treatment of efﬂuents from
the winery and disposal of in-process and post-consumer
wastes.
The following activities are outside the system boundary of the
study for the following reasons:
 Secondary and tertiary packaging for the wine: their contribu-
tion to the impacts is assumed to be small based on the ﬁnding
that it accounts for less than 1% of the total carbon footprint of
wine (BIER, 2012); this exclusion is also common in other
studies (e.g. Gazulla et al., 2010; Point et al., 2012).
 Yeasts, ﬁltering and clarifying agents, bacteria, enzymes and
antioxidants used in the manufacturing process: the study by
Notarnicola et al. (2003) estimates that the contribution of these
auxiliary materials to the overall impacts is negligible.
 Transport of consumers to purchase the wine: transport of
consumers to and from the point of retail purchase is not
considered owing to a large uncertainty related to consumer
behaviour and related allocation of impacts to a bottle of wine
relative to other items purchased at the same time; this also is
congruent with the PAS 2050 standard (BSI, 2011).2.2. Inventory data and assumptions
Primary production data have been obtained from a wine pro-
ducer, including the amount of fuels, fertilisers and pesticides for
viticulture as well as electricity and auxiliary materials used for
viniﬁcation. All other data have been sourced from Ecoinvent
(2010), Gabi (PE, 2011) and CCaLC (2013). Data from open litera-
ture have also been used to estimate inventory data where speciﬁc
datawere not available. More detail on the inventory data and their
sources as well as on the life cycle stages is provided below.
2.2.1. Viticulture
Conventional cultivation of the Shiraz grape, the predominant
viticulture practice and grape varietal in South Australia (Wine
Australia, 2013), has been assumed in this study. The average
grape yield has been estimated at just over 10 t/ha (Anderson and
Nelgen, 2011). This falls within the range of 6e12 t/ha.year esti-
mated by Notarnicola et al. (2003) for other regions.
As shown in Table 1, the main input materials for cultivation of
the grapes are irrigation water, fertilisers and pesticides. Addi-
tionally, diesel and petrol are used for the agricultural machinery.
Note that site-speciﬁc dispersion of nutrients and pesticides has not
been considered owing to a lack of site-speciﬁc dispersion models
to estimate the fate of these emissions to the air, water and soil
(Milà i Canals and Polo, 2003). This is consistent with some other
studies (e.g. Point et al., 2012) but it may have an effect on eutro-
phication and the toxicity-related impacts from the viticulture
stage and should be borne in mind when interpreting the results.
2.2.2. Viniﬁcation and bottling
To produce 0.75 l of red wine, 1.05 kg of grapes are required
(Table 1). This is also within the range estimated by some other
authors (e.g. Notarnicola et al., 2003; Benedetto, 2013; Villanueva-
Rey et al., 2014). The wine production process begins with de-
stemming and crushing of the grapes to obtain a liquid must
(juice). Prior to fermentation, the temperature of the must can be
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Fig. 2. The life cycle of wine [dStages excluded from the system boundary. HVAC: heating, ventilation and air conditioning].
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grape skins are softened by soaking. This allows the extraction of
tannins and ﬂavour compounds into the must from the grape skins
which is crucial to red-wine making. This is also the process during
which red wine gets its colour as most musts are clear or greyish in
colour. The must is then fermented at a temperature between 28
and 30 C, during which yeast is fed into the fermentation vessel to
convert the sugars into alcohol. After fermentation, which usually
lasts between one and two weeks, the wine is pumped off into
tanks and the skins are pressed to extract the remaining juice and
wine. Secondary fermentation is then carried out using bacteria to
decrease the acidity and soften the taste of wine by converting
malic to lactic acid. Prior to bottling, the wine must be settled,
clariﬁed and ﬁnally ﬁltered. Most red wine is then matured in oak
barrels for a few weeks to several years depending on the variety of
grapes and desired wine style (Wine Australia, 2012).
The inventory for viniﬁcation and bottling is based on primary
production data provided by the wine producer. Life cycle impacts
of electricity generation have been modelled based on the relative
shares of primary energy resources in the Australian grid. Fugitive
emissions of volatile organic compounds (VOC) from fermentation
have also been considered (see Table 1). The co-products from
wine-making (pomace, lees and press syrup) have been assumed to
be disposed of as waste owing to a negligible economic value. Asimilar approach has also been taken by some other authors (see
Rugani et al., 2013).
2.2.3. Packaging
The wine is packaged in 0.75 l bottles using cork stoppers and
paper labels (Table 1). Data on the components and weights of the
bottles have been obtained from Gujba and Azapagic (2011) and
CCaLC (2013). The life cycle impacts for manufacturing and recy-
cling of glass bottles have beenmodelled based on industry-speciﬁc
data available in CCaLC (2013). The bottles are assumed to contain
85% recycled content and the emissions associated with the recy-
cling process have been allocated to the life cycle stage that utilises
the recycled material, thereby displacing a portion of virgin mate-
rial. This approach has also been adopted by the beverage industry
in studies of the carbon footprint of various beverages, including
wine (BIER, 2012). Different percentages of recycled glass content
are also considered in the sensitivity analysis to examine the effect
of this parameter on the environmental impacts.
2.2.4. Transport
After bottling, the wine is shipped to the UK (Table 2). Shipping
bottled rather than the wine in bulk is the usual practice for wines
imported to the UK from Australia (Garnett, 2007). Transport dis-
tances have been estimated based on the data obtained from the
Table 1
Inventory data for grape viticulture, viniﬁcation and wine bottlinga.
Inputs Amount per 0.75 l of wine
Viticulture
Water 362 l
Nitrogen fertiliser 9.6 g
Phosphorus fertiliser 27.8 g
Pesticides 9.8 g
Electricity 37 Wh
Diesel 0.074 l
Petrol 0.032 l
Viniﬁcation and bottling
Wine grapes 1.05 kg
Water 1.31 l
Electricity 115 Wh
Glass bottles (0.75 l; 85% recycled
glass content)
465 g
Cork stoppers 5.25 g
Kraft paper labels 1.05 g
VOC emissions from fermentationb 0.4 g
a All life cycle inventory data are from the Ecoinvent database (2010) except for
the data for glass bottles which are from CCaLC (2013).
b Volatile Organic Compounds (VOC) as ethanol. Source: US EPA (1995).
Table 3
Waste managementa.
Waste Amount (g/0.75 l of wine) Waste management option
Efﬂuents from
the winery
615 Wastewater treatment
Glass 465 85% recycled, 15% landﬁlled
Paper label 1.05 Landﬁlled
Wood cork 5.25 Landﬁlled
a All life cycle inventory data are from the Gabi database (PE, 2010).
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assumed to have a total capacity of 40 tonnes. Generic distances of
50 km have been used for transport of wine grapes, cork stoppers
and paper labels as well as post-consumer waste, for which speciﬁc
data have not been available.2.2.5. Waste management
As indicated in Table 3, the waste streams considered are ef-
ﬂuents from thewinery and post-consumerwaste packaging; these
data have been obtained from the wine manufacturer. Given that
thewine is consumed and bottles discarded in the UK, the UKwaste
management practice is assumed for waste bottles, with 85% of
glass recycled and the rest landﬁlled together with the labels; all
post-consumer cork is also landﬁlled (WRAP, 2007; British Glass,
2007). As mentioned earlier, the effect on the results of different
glass recycling rates is considered as part of the sensitivity analysis
later in the paper.3. Results and discussion
The Gabi 4.3 LCA software has been used to model the system
and the CML 2001 impact assessment method (Guinee et al., 2001)
has been used to calculate the environmental impacts. The CML
method has been selected because of its coverage of awide range of
environmental impacts relevant towine and the regions covered by
the study. As a mid-point method, it also helps to preserve trans-
parency by allowing an analysis of individual impacts rather than
aggregating them in to a single measure of environmental ‘damage’Table 2
Transport modes and distances in the wine supply chaina.
Material Transport mode Distance (km)
Wine grapes Truck (40 t) 50
Glass bottles Truck (40 t) 39
Cork stoppers Truck (40 t) 50
Kraft paper labels Truck (40 t) 50
Bottled wine Truck (40 t)
Container ship
128
20,030
Post-consumer packaging waste Truck (40 t) 50
a All life cycle inventory data are from the Gabi database (PE, 2010), except for the
data for the container ship which are from ILCD (2010).as is the case in end-point approaches such as Ecoindicator 99
(Goedkoop and Spriensma, 2001). In addition to the CML impact
categories, the primary energy consumption and water demand
have also been estimated. The results are ﬁrst presented for a bottle
of wine, followed by the discussion of the environmental implica-
tions associated with the annual consumption of Australian red
wine in the UK.
3.1. Environmental impacts of a bottle of wine
The life cycle environmental impacts of wine are shown in Fig. 3.
For example, a bottle of wine requires around 21 MJ of primary
energy, 363 l of water and contributes 1.25 kg CO2 eq. to the global
warming potential (GWP).2 As indicated in Fig. 3, viticulture,
transport and packaging are the major contributors to most of the
impacts. The former is the hot spot for eight out of 12 categories
considered: primary energy demand (PED), water demand (WD),
abiotic depletion (ADP), GWP, human toxicity (HTP), and marine,
freshwater and terrestrial ecotoxicity (MAETP, FAETP and TETP,
respectively). The results suggest that emissions arising from the
production and use of pesticides, fertilisers and fuels are the main
contributors to the impacts from viticulture. For the example of
GWP, pesticides and fertilisers collectively contribute 82% and fuels
the remaining 18%.
Transport is the key contributor to the acidiﬁcation (AP),
eutrophication (EP), GWP, ozone depletion (ODP) and photo-
chemical oxidant creation (POCP) potentials. The majority of these
impacts are due to wine shipping. For instance, shipping is
responsible for 84% of GWP from transport, with the remaining 16%
being from road transport, in both cases owing to the emissions of
CO2. The other impacts from shipping are mainly due to the
emissions of SO2 and NOx.
Packaging is an important contributor to PED, AD, GWP, HTP,
MAETP, FAETP and ODP, accounting for over 20% to each impact
and, in the case of HTP andMAETP, over 40%. Emissions of selenium
in the production of glass bottles are largely responsible for HTP
and hydrogen ﬂuoride for MAETP.
The viniﬁcation stage is a hot spot for EP, accounting for 30% of
the total, largely because of the emissions of organic compounds to
freshwater arising from the winery efﬂuents. For all other impacts,
its contribution is on average 10% or less. The contribution of
fugitive VOC emissions from grape fermentation to GWP and POCP
is negligible (0.03% and 0.004%, respectively) as is that of waste
management (1%).
3.1.1. Comparison of results with other studies
As mentioned in the introduction, a number of studies of the
environmental impacts of wine have been carried out, but com-
parison of the results is difﬁcult because of different geographical2 Note that the water demand refers to viticulture and viniﬁcation owing to a lack
of water usage data in LCA databases for the other life cycle stages. Biogenic carbon
is not included in the estimates of GWP.
Fig. 3. Life cycle environmental impacts of wine (functional unit: 0.75 l of wine) [The scaled values should be multiplied with the factor shown in brackets against the relevant
impact to obtain the original values. PED primary energy demand, WD water demand, ADP abiotic depletion potential, AP acidiﬁcation potential, EP eutrophication potential, GWP
global warming potential, HTP human toxicity potential, MAETP marine aquatic ecotoxicity potential, FAETP freshwater aquatic ecotoxicity potential, TETP terrestrial ecotoxicity
potential, ODP ozone depletion potential, POCP photochemical ozone creation potential].
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and data sources. Nevertheless, an attempt is made here to
compare the results of this with some other studies. As the GWP
has been studied most extensively, these results are discussed ﬁrst,
followed by a comparison of other impacts (for studies where they
have been estimated and comparison has been possible).
The review study by Rugani et al. (2013) provides estimates of
the GWP of red wine obtained in around 30 LCA studies worldwide.
The authors observe a large variation in the results, ranging from
0.83 to 3.51 kg CO2 eq. per bottle, with an average estimated at
2.17 kg CO2 eq. Therefore, the total GWP obtained in the current
study falls well within the reported range. The results are also
within the range for the cradle-to-gate GWP, here estimated atFig. 4. Comparison of environmental impacts of wine obtained in this and other studies (fun
and styles) produced and consumed in Canada, minus consumer shopping and storage. bLife
minus impacts from secondary packaging (barrel production). For full names of the impact c
shown in brackets against the relevant impact to obtain the original values. Note the compari
them.].0.86 kg CO2 eq. per bottle; this compares to 0.26e1.92 kg CO2 eq.
reported in literature (see Rugani et al., 2013).
The results for the other environmental impacts are compared
to those reported by Gazulla et al. (2010) and Point et al. (2012) in
Fig. 4. Comparison with the other studies is not possible either
because they do not include impacts other than GWP or because of
different assumptions. As can be seen from the ﬁgure, there are
signiﬁcant differences between the results in the three studies
owing to different geographical regions, waste management op-
tions, bottle weights and recycled content as well as wine distri-
bution scenarios. The closest agreement is found between the
current and Point et al. study for the ODP while the largest differ-
ence is for the POCP which is around 70% higher in this researchctional unit: 0.75 l of wine) [aLife cycle impacts of conventional wine (different varieties
cycle impacts of conventional red wine produced in Spain and transported to the UK,
ategories, see caption for Fig. 3. The scaled values should be multiplied with the factor
son of other environmental impacts is not possible as the other studies did not consider
Fig. 5. Life cycle environmental impacts of UK consumption of Australian red wine (basis: annual consumption of 1.25 million hl of red wine) [For full names of the impact
categories, see caption for Fig. 3. The scaled values should be multiplied with the factor shown in brackets against the relevant impact to obtain the original values.].
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distance transport from Australia to the UK.3.2. Environmental impacts of consumption of Australian red wine
in the UK
The environmental impacts from the consumption of Australian
red wine in the UK have been estimated by scaling up the LCA re-
sults for a bottle of wine to the annual consumption of the wine
obtained through market analysis. As mentioned before, the
Australian wine considered in this study can be assumed to be
representative of Australian red wines in general for several rea-
sons. First, South Australia represents the largest wine making re-
gion in Australia (WRAP, 2007; Fearne et al., 2009) and this study
considers a producer in this region. Secondly, the data are sourced
from one of the ten largest producers by sales of branded wine in
Australia (Winebiz, 2013). However, it should be noted that all
sectoral assessments carry some uncertainty owing to limited data
availability and the need to extrapolate the results. Nevertheless,
this kind of analysis helps to put environmental impacts into
broader, national context and identify opportunities for improve-
ments at the sectoral level.
In 2009, a total of 2.2 million hectolitres of Australianwine were
imported into the UK (New Zealand Trade and Enterprise, 2011) of
which 57% was red and 40% white wine with the rest being spar-
kling wine (PIRSA, 2010). Extrapolating the above LCA results for
the amount of red wine, gives the total environmental impacts for
1.25 million hl of red wine as shown in Fig. 5. For example, the total
annual PED is estimated at around 3.5 PJ, water consumption is
600 million hl and the GWP is around 210,000 tonnes CO2 eq. The
latter represents about 0.08% of the consumption-based GHG
emissions from total annual UK imports in 2011 (Defra, 2013)3. To
put these results further into context, assuming that the average
GWP of all wine is 2.2 kg/bottle (Rugani et al., 2013), then
12.9 million hectolitres of wine consumed in the UK annually
(HMRC, 2012) emit 3.78million tonnes of CO2 eq. per year or 0.6% of
the UK emissions.3 This is slightly higher than the previously3 Total UK consumption-based GHG emissions are estimated at
650 million tonnes CO2 eq. in 2011 (Defra, 2013). The consumption-based emissions
from imports are 252 Mt CO2 eq.mentioned estimate of 0.4% (Garnett, 2007). While this percentage
appears to be small, it is equivalent to the annual GHG emissions
from 1 million cars.4 By comparison, the estimated annual contri-
bution of wine to the global GHG emissions is 0.3% (Rugani et al.,
2013). Putting the other environmental impacts in context is
more difﬁcult owing to a lack of data at the national level.
The following sections explore how the impacts from the con-
sumption of Australian wine in the UK could be reduced. Given the
high contribution of transport and packaging, opportunities for
improvements in these two life cycle stages are examined.
Although the considerations here refer to Australian wine, the
reduction strategies considered also apply to wines from other
regions.
Note that, although viticulture is also an environmental hot spot
owing to the use of fertilisers and pesticides, improvements in
stage are not considered. The reason for this is that fertiliser and
pesticide inputs are based on the actual data obtained from the
wine producer, representing a viticulture practice optimised over
the years. Therefore, there is little scope for improvement in this
stage.
3.2.1. Improvement opportunities for shipping
This analysis focuses on GWP owing to a lack of data on the
effect of shipping on other environmental impacts. This study in-
dicates that shipping bottled wine from Australia to the UK ac-
counts for 84% of the GWP from transport and 26% of the total GWP
(see Section 3.1). This means that shipping adds around 0.33 kg CO2
eq./bottle to the total GWP from wine. As this is a signiﬁcant
contribution, found not only in this but other studies related to
wine shipping (e.g. WRAP, 2007), it is important to look at alter-
native options. For example, bulk shipping of wine and bottling
closer to the consumer has been suggested as an option for
reducing the GHG emissions fromwine. The study byWRAP (2007)
estimates that a GWP saving of 0.16 kg CO2 eq. per bottle of wine
can be achieved by shipping it in bulk from Australia to the UK.
Applying this estimate to the results from the current study in-
dicates that the total GWP would be reduced by 13% to 1.09 kg CO2
eq./bottle. For context, the GWP without the shipping from4 Assuming average car with 242.34 g CO2 eq. per km (Defra, 2012) and annual
distance of 15,000 km per car.
Fig. 6. Effect of recycled glass content on the environmental impacts of wine (basis: annual consumption of 1.25 million hl of red wine) [Water demand not shown as it is not
affected by recycled glass content. For full names of the impact categories, see caption for Fig. 3. The scaled values should be multiplied with the factor shown in brackets against the
relevant impact to obtain the original values.].
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by 26% to 0.93 kg CO2 eq./bottle. Annually, bulk shipping could save
around 27,000 t CO2 eq. This would contribute 0.4% towards the
food and drinks industry’s aim to reduce its CO2 emissions by 35%
by 2020 on the 1990 levels (FDF, 2012).
Therefore, bulk shipping of wine and bottling closer to the ﬁnal
market should be encouraged to reduce the GHG and other emis-
sions, particularly SOx (because of high-sulphur fuel used in ship-
ping). In addition to the environmental beneﬁts, bulk shipping
would also result in cost savings through more efﬁcient utilisation
of container space (WRAP, 2008). On average, 67% more wine can
be transported by shipping wine in ﬂexi-tanks or ISO tanks,
compared to standard container shipping.5 However, issues such as
contamination (from residues of previous cargoes) and negative
consumer perceptions may hinder the widespread adoption of bulk
shipping of wine (WRAP, 2008).
3.2.2. Improvement opportunities for packaging
Glass bottles contribute over 40% to the HTP andMAETP and 20%
to the other environmental impacts (see Fig. 3). Thus, the sections
below explore the effect of two parameters on the environmental
impacts from wine: recycled glass content and bottle light-
weighting. A further packaging option is also considered: using
carton containers instead of glass bottles, as practiced by some
wine producers (FDIN, 2012).
3.2.2.1. Recycled glass content. To examine the effect of glass recy-
cling on the environmental impacts, a range from 0% to 100%
recycled glass content has been considered. The results are shown
in Fig. 6 for the annual wine consumption (the trend is the same per
bottle of wine and hence not shown). For example, for each 10%
increase in the amount of recycled glass, GWP is reduced by 2%. This
amounts to a saving of 22 g CO2 eq. per bottle of wine or around
3600 tonnes annually. The savings are due to lower energy con-
sumption for bottle manufacturing and reduced amount of post-
consumer waste being landﬁlled. The savings for the other5 A standard container holds 12,000e13,000 bottles, whilst standard ﬂexi-tanks
and ISO containers hold the equivalent of approximately 32,000 and 35,000 bottles,
respectively (WRAP, 2008).environmental impacts are smaller and range from 0.7% (POCP) to
1.2% (HTP). Vázquez-Rowe et al. (2012a) also observed similar
environmental savings from recycling of glass bottles. Although the
savings appear relatively small per bottle of wine, they are never-
theless signiﬁcant at the sectoral level. Thus, there is a clear case for
increasing the recycled content of glass packaging to reduce the
environmental impacts from wine.
3.2.2.2. Bottle light-weighting. The results in Fig. 7 show that
reducing the weight of glass bottles by 10% results in GWP savings
of about 4% or 43 g CO2 eq. per bottle; this is equivalent to around
7000 tonnes of CO2 eq. based on the amount of Australian red wine
consumed per year. Savings in other impacts range from 3% (TETP)
to 7% (ODP). For 30% lighter bottles, the GWP would be reduced by
11% with the other impacts decreasing by 7e15%. These reductions
are due to lower energy and material consumption for
manufacturing of glass bottles and reduced impacts from trans-
porting less glass. Similar savings were estimated in the study by
Point et al. (2012) for wine in Canada who found that 30% lighter
bottles saved from 2% to 10% of the impacts. Thus, these results
indicate that light-weighting is an important option for reducing
the environmental impacts in the wine sector.
3.2.2.3. Cartons vs. glass bottles. In addition to increasing the
recycled content and light-weighting of glass bottles, the effect of
using carton packaging instead of glass bottles has also been
assessed. It has not been possible to ascertain the volume of wine
packaged in cartons in the UK market owing to a lack of data.
However, recent reports show that a number of wine producers and
importers were starting to introduce wines packaged in cartons
into the UK market (FDIN, 2012). Currently, around 10% of still
wines in the global market are packaged in cartons (FDIN, 2012).
As can be seen in Fig. 8, packaging wine in cartons instead of
bottles results in savings in all the environmental categories
considered, except for water demand which is close to the glass
bottle system (however the latter should be interpreted with care
owing to a general lack of data on water consumption in LCA da-
tabases). For example, compared to the current operations, pack-
aging wine in cartons reduces the GWP by 51%, from 1.25 to 0.62 kg
CO2 eq. per bottle of wine compared to the glass bottles. For the
other environmental impacts, the savings range from 25% (EP) to
Fig. 7. Effect of light-weighting on the environmental impacts of wine (basis: annual consumption of 1.25 million hl of red wine) [For full names of the impact categories, see
caption for Fig. 3. The scaled values should be multiplied with the factor shown in brackets against the relevant impact to obtain the original values.].
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ergy required for manufacturing of the packaging and reduced
emissions from transporting the signiﬁcantly lighter cargo.
Scaling the results up for the annual consumption of Australian
red wine and assuming (hypothetically) that 10% of the Australian
red wine consumed in the UK is packaged in cartons, the annual
savings of GHG emissionswould be around 5% or 10,600 tonnes CO2
eq. (Fig. 9). Savings for the other environmental impact categories
range from 2.5% (EP) to 7% (MAETP).
These results show that, on the environmental basis, there is a
compelling case for a widespread adoption of cartons in the wine
industry. However, other factors such as economic aspects,Fig. 8. Effect of using carton packaging on the environmental impacts of wine (functional
agement as in Table 3. Carton: 100% virgin component materials (cardboard, plastic ﬁlm
packaging from CCaLC (2013). For full names of the impact categories, see caption for Fig. 3
relevant impact to obtain the original values.].consumer perception, ease of transportation, shelf life and poten-
tial impacts on the glass-bottle industry need to be investigated to
understand the full sustainability impacts of thewider use of carton
packaging for wine.
4. Conclusions
This paper has presented and discussed the life cycle environ-
mental impacts of consumption of Australian red wine in the UK.
The results have been estimated ﬁrst for one bottle and then for the
total annual consumption of Australian red wine in the UK. For
example, it has been found that a bottle of wine requires 21 MJ ofunit: 0.75 l of wine) [Glass bottle: 85% recycled glass content, end-of-life waste man-
and aluminium foil), end-of-life waste management: 100% landﬁll. Data for carton
. The scaled values should be multiplied with the factor shown in brackets against the
Fig. 9. Effect of using carton packaging on the environmental impacts of wine (basis: 1.25 million hl of red wine) [For assumptions see the caption for Fig. 8. For full names of the
impact categories, see caption for Fig. 3. The scaled values should be multiplied with the factor shown in brackets against the relevant impact to obtain the original values.].
6 Assuming shipping only from outside Europe, based on the import data pro-
vided by Key Note (2011).
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Extrapolating these results to the annual UK consumption of
Australian red wine gives the total primary energy demand of
around 3.5 PJ, water consumption of around 600 million hl and
GWP of 210,000 tonnes CO2 eq. The latter represents about 0.08% of
the consumption-based GHG emissions from total annual UK im-
ports in 2011. A total of 12.9million hectolitres of wine consumed in
the UK annually emits 2.8 million tonnes of CO2 eq. per year or 0.6%
of total the UK emissions.
The results show that viticulture is the main hot spot in the life
cycle of wine, contributing on average 41% to the impacts; this is
mainly due to the life cycles of pesticides, fertilisers and fuels.
Transport is the next largest contributor adding on average 32% to
the impacts, largely from the shipping of wine to the UK from
Australia. For instance, shipping generates around 0.33 kg CO2 eq.
per bottle of wine. The impacts of packaging are also signiﬁcant,
contributing on average 24%, mainly owing to the production of
glass bottles. Finally, viniﬁcation contributes around 8% while the
impacts from the end-of-life management are small (1%).
Several options for reducing the impacts from wine have been
considered based on the identiﬁed hot spots: shipping of bulk
rather than bottled wine, increased recycling and light-weighting
of glass bottles as well as using carton packaging instead of
bottles. The results suggest that bulk shipping would reduce the
GWP by 13% to 1.09 kg CO2 eq./bottle, saving 27,000 t CO2 eq.
annually. This would contribute 0.4% towards the food and drinks
industry’s aim to reduce its CO2 emissions by 35% by 2020 on the
1990 levels.
It has also been found that for every 10% increase in the amount
of recycled glass, the GWP is reduced by about 2%. This amounts to a
saving of 22 g CO2 eq./bottle or around 3600 tonnes per year. The
savings are due to lower energy consumption for bottle
manufacturing and reduced amount of post-consumer waste being
landﬁlled. The savings for the other environmental impacts range
from 0.7% (POCP) to 1.2% (HTP). Light-weighting could also lead to
savings in environmental impacts from wine. For example,
reducing the weight of glass bottles by 10% results in a GWP
reduction of about 4% or 43 g CO2 eq. per bottle; this is equivalent to
around 7000 tonnes of CO2 eq. per year. The savings are due to
lower energy and material consumption for manufacturing of glass
bottles and reduced impacts from transporting lighter cargo. Sav-
ings in other impacts range from 3% (TETP) to 7% (ODP).The environmental beneﬁts of using cartons instead of glass
bottles would also be signiﬁcant. For example, if only 10% of the
Australian red wine consumed in the UK were packaged in cartons,
the annual savings of GHG emissions would amount to 5% or 10,600
tonnes CO2 eq. Savings for the other environmental impact cate-
gories range from 2% (EP) to 7% (MAETP).
Thus, the results of this work indicate that a small (10%) increase
in recycled content and reduction in weight of glass bottles,
together with 10% of wine packaged in carton and bulk-shipping
could save at least 48,000 t CO2 eq. annually, almost a quarter of
the current emissions from the UK consumption of Australian red
wine. If these measures were adopted across the wine sector in the
UK, beyond Australian wine only, this could save up to 200,000 t
CO2 eq. annually, equivalent to taking 56,000 cars off the road each
year6. Extrapolating this to the world consumption of wine would
also lead to signiﬁcant carbon savings e ignoring shipping which is
not relevant for all countries and assuming just the remaining three
measures (at 10%) would save 4.58 million t CO2 eq./yr or 22 times
the emissions from the UK annual consumption of Australian red
wine.
However, the adoption of these improvements is limited by
various technical and socio-economic factors. For example, some
producers may be reluctant to adopt lower-weight bottles owing to
brand marketing and consumer perception that heavier bottles
mean better wine quality. With respect to bulk shipping, factors
such as contamination, ease of transportation and economic im-
pacts on the glass bottle industry as well as consumer perception
would need to be investigated further. The latter two also apply to
packing the wine into cartons. Further aspects, including economic
and health costs and beneﬁts should also be considered in future
work to gain a better understanding of the full life cycle sustain-
ability implications of wine production and consumption.
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